Endovascular intervention and bypass surgery are the main options of treatments for infrapopliteal artery disease. Although post-intervention treatment with antiplatelet (AP) and/or anticoagulant (AC) drugs has reduced morbidity and mortality rates from cardiovascular complications; the ideal antithrombotic treatment regimen is unknown. The aim of this review was to compare the efficacy and safety of various anticoagulation and/or AP therapy regimens in patients undergoing below-knee endovascular treatment for infrapopliteal artery disease. We reviewed published literature in PubMed and Google Scholar, and Cochrane, evaluating efficacy and safety outcomes after antithrombotic treatment following endovascular intervention or bypass surgery in patients with infrapopliteal artery disease. We extracted relevant efficacy and safety data with related statistics from each study. We found that AP treatment should be administered to patients receiving endovascular therapy or bypass. We did not find superior effects for dual AP treatment (DAPT) over mono-AP therapy (MAPT) for endovascular intervention or bypass surgery with venous graft, suggesting that MAPT suffices for these groups. Also, aspirin + clopidogrel was effective over aspirin alone for prosthetic, but not venous graft, albeit higher non-severe bleeding incidences, suggesting a potential benefit of this regime for below-knee prosthetic graft. AP + AC yielded superior results compared to AP following endovascular procedure and bypass surgery, suggesting the potential benefit of this regime in the absence of contraindications. More prospective studies with large number of patients are warranted to identify the best treatment for infrapopliteal artery diseases.
Introduction
Critical limb ischemia (CLI) represents the terminal stage of obstructive, atherosclerotic, peripheral arterial disease (PAD) [1, 2] . Foot ulceration with tissue loss and gangrene are some of the manifestations of CLI, which may lead to major amputation if the affected arteries are not promptly revascularized [3] . Infrapopliteal arterial disease, alone or combined with other PAD, is the leading cause of CLI [4] . Despite advances in treatment of PAD, treatment of infrapopliteal arterial disease has several unique challenges that complicate the treatment compared to more proximal lower extremity disease [5, 6] . These include small vessel size, prevalence of diffuse multilevel and multivessel calcific disease, and fewer suitable target vessels for bypass, particularly in patients with diabetes or renal failure or both [7] . In addition, the rate of restenosis may reach levels up to 50% within 1 year following endovascular intervention for PAD [8] [9] [10] . Restenosis following endovascular intervention may be even higher and more challenging for patients with infrapopliteal artery diseases [11] [12] [13] . Similarly, graft occlusion rates following bypass surgery have been ranging from 15% for venous graft and 20% for prosthetic grafts, and this ratio dramatically increases for below-knee grafts [14, 15] .
Although several pharmacologic and non-pharmacologic approaches have been evaluated to improve the results of endovascular intervention and bypass surgery, there is no consensus or verified therapeutic approach, which might be partly due to the complex heterogeneity of these patients [16, 17] . In addition, the benefits of antithrombotic treatment for patients who undergo endovascular procedure for infrapopliteal diseases or lower extremity bypass to below-knee targets remain unclear.
There are ample studies that reported the effects of antiplatelets (APs) and anticoagulants (ACs) on the clinical outcome following endovascular or bypass surgery for femoropopliteal artery segment and were reported in Cochrane system as reviewed by Vos et al [18] . However, similar studies for infrapopliteal artery are scarce in the literature. The recommendations of antithrombotic treatment following endovascular or surgical intervention for femoropopliteal artery diseases should not be expanded to infrapopliteal artery diseases. The importance of evaluating the effects of antithrombotic treatment following infrapopliteal artery intervention stems from the fact that Endovascular Intervention and Bypass Surgery Cardiol Res. 2019;10(5):255-267 infrapopliteal arteries have smaller diameter, thinner arterial muscular wall, and are more prone to lower pulsatile flow than femoropopliteal artery segment [19, 20] . High patency rates in the infrapopliteal arteries or below-knee grafts are vital for maximized perfusion for tissue healing following intervention and the delivery of the drug following intervention plays a vital role in this process. The differences between the endovascular successes of drug-coated balloons were remarkable when used for femoropopliteal and infrapopliteal arteries where there was much success for the femoropopliteal arteries probably due to the aforementioned reasons and as reviewed [20] . With the expanded use of endovascular intervention and the probability of high restenosis rates in the infrapopliteal arteries than femoropopliteal arteries, it is essential to further investigate the effects of antithrombotic treatment following intervention for infrapopliteal artery. This is fundamental increase in drug delivery to this arterial segment consequently the outcome of the intervention. The aim of this study was to gather and evaluate relevant literature for patients undergoing below-knee endovascular and bypass surgery treatment with regards to the efficacy and safety of various anticoagulation and AP therapy regimens. We also aimed to highlight current deficiency of information that interferes with sound treatment recommendations for this group of patients.
Literature Search

Study design
A standardized electronic literature search in English was conducted in PubMed and Google Scholar, and Cochrane for key terms including "clinical trial", "prospective", "retrospective", "angioplasty", "endovascular", "revascularization", "bypass", "antiplatelet", "anticoagulants", "platelet aggregation inhibition", "below the knee", "infrapopliteal", "peroneal", "crural", "tibial", "clinical trial", "prospective", "retrospective", "peripheral artery disease", and individual AP or AC drug name or category such as "aspirin", "clopidogrel", "cilostazol", and "warfarin".
Selection criteria
The studies included in this review met the following criteria: 1) Designed explicitly for infrapopliteal arteries, or we were able to extract the numbers of patients and outcomes for infrapopliteal arteries if the study contains other peripheral artery segment(s); 2) Studies that contain at least 70% of the injuries related to infrapopliteal arteries; 3) Designed to evaluate the effects of AP and/or AC on particular endpoints in a comparative manner (comparing two treatment groups); 4) APs and ACs were administered following endovascular intervention or bypass surgery (antithrombotic was not only applied to determine their effects during the surgery; 5) The study recorded significant outcomes such as patency, restenosis, reocclusion, target limb revascularization (TLR), limb salvage, major am-putation (above ankle area); major adverse cardiac events (MACEs) (any record of cardiovascular death, myocardial infarction, angina, stroke, hospitalization for heart failure), allcause mortality, and minor or major bleeding (major bleeding, intracranial hemorrhage, requiring blood transfusion, or any combination of these parameters); 6) Patients were followed up at least 3 months or 1 month following endovascular or bypass, respectively for endovascular and bypass; 7) Included at least around 10 cases/group; and 8) Study focus was either randomized clinical trial (RCT), prospective cohort, or retrospective (no collection of case control studies).
We reviewed the titles and abstracts of articles that we identified in the literature as potentially suitable for inclusion in the review. Then, we confirmed the eligibility of the manuscript for inclusion in this systematic review. We targeted the evaluation of four different antithrombotic therapeutic groups: mono-AP therapy (MAPT), dual-AP therapy (DAPT), AC, and AP + AC. We extracted the relevant data that evaluated effectiveness and safety of the therapeutic groups along with their relevant statistics from each study. Data were then categorized according to similarity of treatment regimen and approach (endovascular or bypass surgery). Our search resulted in six publications for endovascular intervention (100% of the cases were for infrapopliteal arteries). With regard to studies involving bypass surgery, we found eight articles that matched the inclusion criteria (seven articles included 100% of the cases with grafts crossed the knee and one study with 70% of the grafts crossed the knee).
Literature Review
The effects of AP and AC treatment following endovascular interventions in infrapopliteal artery disease
We found studies that evaluated MAPT, DAPT, and ACs, but there were no studies evaluating AP + AC. Table 1 illustrates the antithrombotic drug groups that were used in the studies included in the review along with their mechanism of action. Table 2 shows the effects of MAPT and DAPT on many effectiveness-related parameters such as patency, restenosis, occlusion, TLR, major amputation, MACEs, and all-cause mortality, as well as bleeding, the safety-related parameter [21] [22] [23] . We found only one study that evaluated MAPT effect (lipoecraprost) compared to placebo that showed no superior effect of lipo-ecraprost over placebo for amputation [21] . DAPT treatment with aspirin + cilostazol did not show any significant effects over MAPT effects for restenosis, major amputation, MACE mortality [23] . However, the data from Soga et al [22] showed the value of the addition of cilostazol to the platelet treatment regime by improving restenosis, reocclusion and TLR parameters to the platelet treatment regime. Also, Lejay et al [24] showed the significance of the compliance of the patients with their described anti-platelet treatment schedule, which was particularly important for the patency of the arterial segment following endovascular procedure. There were no significant differences between the groups for the bleeding events for studies that reported this outcome [22, 23] . Table 2 presents the effectiveness of MAPT versus AP + AC and the safety (bleeding) differences between the two groups [21] [22] [23] [24] [25] [26] . The two studies were by the same group although one study was explicitly performed to evaluate the treatment effects on below-knee arteries [25] , while the other included data for both femoropopliteal and infrapopliteal arteries [26] . The results were consistent regarding the significant improvement of reocclusion rates in response to batroxobin plus aspirin over aspirin for the infrapopliteal arterial segments. Bleeding events were also comparable between the two groups.
Mono-AP and dual-AP therapy
Mono-AP and mono-AP plus AC therapy
The effects of antithrombotic treatment following belowknee bypass surgery
Mono-AP and dual-AP therapy Table 3 shows the effectiveness and safety of MAPT and DAPT [27] [28] [29] [30] [31] [32] [33] [34] . Ticlopidine showed significant superior effects over placebo for graft patency and amputation [27] . DAPT studies suggested significant improvement of patency in prosthetic grafts, but not in venous grafts when compared to notreatment group [29] . Consistently, patients treated with DAPT had significantly higher patency rates as well as amputation rate but only for prosthetic grafts when compared with MAPT [28] . Bleeding incidences were significantly higher in DAPT group compared to MAPT, albeit the severe and fatal bleeding incidences were comparable between the two groups [28] .
Mono-AP and mono-AP plus AC therapy
We found one study that compared the two groups [30] . AP + AC was significantly superior than MAPT for patency and limb salvage rates. Hematoma, but not other bleeding events, was significantly higher in AP + AC. Table 3 shows three studies [31] [32] [33] that evaluated the outcome of different therapeutic regime of ACs. Direct oral ACs were suggested to have similar outcomes to traditional heparinwarfarin treatment for polytetrafluoroethylene (PTFE) grafts [31] . Low molecular weight heparin (LMWH) was superior to dextran for MACEs [32] and to unfractionated heparin for graft patency following bypass surgery. Therapeutic warfarin (international randomized ratio (INR) ≥ 2.0) was superior to subtherapeutic warfarin (INR ≤ 1.9) for graft patency and survival, albeit bleeding was relatively greater in therapeutic group [34] .
AC therapy
Discussion
AP treatment seems to be essential and routinely used in the post-operative treatment of endovascular and bypass groups. We did not find superior effects for DAPT over MAPT for endovascular intervention or bypass surgery with venous graft, suggesting that MAPT suffices for these groups. However, DAPT in the form of aspirin + clopidogrel was effective over aspirin alone for prosthetic, but not venous graft. This superior effect was accompanied by the occurrence of non-severe and non-fatal albeit higher non-severe bleeding incidences, suggesting a potential benefit of this regime for below-knee prosthetic graft with required precaution. Also, AC or in combination with aspirin yielded superior results compared to AP alone following endovascular procedure, and bypass surgery for venous and prosthetic grafts, suggesting the benefit of this regime in the absence of contraindications.
Antithrombotic treatment for endovascular intervention for infrapopliteal artery
The benefits of post-endovascular intervention antithrombotic therapy for PAD in preventing cardiovascular complications are well known. Recommendations regarding the optimal regimen for patients with PAD including infrapopliteal artery diseases are variable and inconclusive [1, 2, 35, 36] . For instance, the European Society of Cardiology (ESC) guidelines recommend MAPT (aspirin) for angioplasty (class I recommendations) [36, 37] . However, The American College of Chest Physicians advises the use of MAPT (aspirin or clopidogrel) following angioplasty (grade 1A) [37, 38] , while The Society for Vascular Surgery recommends a minimum of 30 days of use of DAPT (aspirin and clopidogrel) following infrainguinal endovascular intervention (grade 2B) [35, 37] . Herein, in retrospective studies, cilostazol group has been reported to decrease the incidence of in-stent restenosis compared to non-cilostazol group in both infrapopliteal and femoropopliteal segments [22, 39] . In contrast, RCT showed that while cilostazol plus aspirin were superior to aspirin alone following endovascular intervention for femoropopliteal artery [17] , this effect disappeared for infrapopliteal artery [23] . The differences of cilostazol effects following endovascular intervention in retrospective study for infrapopliteal artery [22] and RCT [40] may be due to different treatment protocols, patient demographics, and the nature of the studies. Also, the differences for the cilostazol + aspirin effects on both femoropopliteal and infrapopliteal segments in RCT studies [17, 23] underscore the importance of evaluating antithrombotic treatments according to the injured arterial segment and that the treatment guidelines should not be generalized.
A review by Olinic et al suggested the treatment with aspirin plus clopidogrel for at least 1 month post-stent implantation, or with aspirin plus ticagrelor for PAD patients with a history of myocardial infarction [41] . Lejay et al [24] found that compliant group for the treatment with aspirin and clopidogrel had better patency than corresponding non-compliant group. This study underscores the importance of reinforcing medical follow-up following endovascular intervention [24] . However, studies comparing the combined effects of aspirin and clopidogrel with MAPT for infrapopliteal artery segments are needed.
Two studies [25, 26] showed that the combined treatment by AP and AC had significantly higher patency rates than AP alone for infrapopliteal artery diseases. Interestingly, in one of the two studies, there were no significant differences for patency between the two treatment groups when the data were evaluated for PAD, but significant differences were monitored when data was stratified for infrapopliteal artery [26] , further underscoring the importance of specifying treatments according to the injured artery segment. The Cardiovascular Outcomes for People Using Anticoagulation Strategies (COM-PASS) trial showed that the combined treatment with rivaroxaban and aspirin reduced the risk of acute limb ischemia, vascular amputation, and mortality, among others when compared to aspirin alone in patients with established vascular diseases [42] . Rivaroxaban and aspirin, however, increased bleeding events relative to aspirin alone although there were no significant effects for severe bleeding [42] . In accordance, Wang et al did not find significant differences in the bleeding events between AP + AC compared with AP alone for infrapopliteal artery diseases [26] .
Collectively this data will not conclude changes to the current recommendation following endovascular intervention for PAD due to the lack of evidence to suggest otherwise. However, there was also no enough data to support current recommendations as well for infrapopliteal artery diseases. The combined treatment with AP + AC yielded promising results for the improvement of restenosis without the increase in bleeding events. More studies are warranted to establish the value and superiority of this treatment regime following endovascular intervention.
Antithrombotic treatment for bypass surgery for infrapopliteal artery
It has been reported that the patency rates for autologous distal bypass grafts are superior to those for prosthetic lower extremity bypass grafts [43] [44] [45] . Nonetheless, outcomes were comparable between the two groups when appropriate antithrombotic treatment was used following surgery [46] . The routine use of AP therapy for patients with PAD for bypass surgery has been mainly attributed to preserving the patency of the graft [43, 47] . The persistence of high levels of graft occlusion despite the use of MAPT [14, 15] has raised the question of modifying the treatment by adding AC or another AP.
Similar to antithrombotic treatment following endovascular therapy, recommendations for treatment following bypass surgery were also variable and without the presence of concrete evidences [35] [36] [37] [38] 48 ]. The ESC guidelines include recommendation of the use of MAPT (aspirin) or DAPT (aspirin and dipyridamole) following bypass surgery (class I recommendations), vitamin K antagonists after venous infrainguinal bypass surgery, and DAPT (aspirin and clopidogrel) for belowknee prosthetic grafts (class IIb recommendations) [36, 37] . The American College of Chest Physicians recommendation includes the use of MAPT (aspirin or clopidogrel) following bypass surgery (grade 1A), and 1-year treatment with DAPT (aspirin and clopidogrel) for below-knee prosthetic grafts (grade 2C) [37, 38] . The Society for Vascular Surgery practice guidelines recommend the use of MAPT (aspirin or clopidog-rel), or DAPT (aspirin and clopidogrel) for bypass surgery regardless of the graft type (grade 2B) [35, 37] .
Clopidogrel, a thienopyridine derivative, has been thought as a strong candidate due to its significant effects on the improvement of cardiac parameters when combined with aspirin [49] . The clopidogrel and acetylsalicylic acid in bypass surgery for peripheral arterial disease (CASPAR) trial [28] showed that the combined effects of aspirin and clopidogrel were only significant over aspirin for graft occlusion and amputation when data were stratified for prosthetic grafts, further underscoring the importance of performing subgroup analysis for the data. Another thienopyridine derivative ticlopidine showed superior results when compared to placebo for graft restenosis and limb amputation [27] . Thus, the addition of thienopyridine derivative to aspirin (DAPT) might improve the outcome following bypass surgery, particularly for prosthetic grafts.
The combined treatment of warfarin and aspirin resulted in significant reduction in prosthetic femoropopliteal bypass graft failure compared to aspirin [50] . In agreement, similar results were reported for venous infrapopliteal bypass graft in high risk group patients [30] . Also, studies for infrapopliteal artery showed the importance of adjusting the levels warfarin to achieve therapeutic INR levels to significantly improve the patency and survival of the prosthetic grafts [34] . The improved survival rates in patients might be attributed to decreased thrombotic heart diseases [30] . Despite the clear advantage of warfarin, its use has been hindered by the reports of high bleeding events by the Dutch Bypass Oral Anticoagulants study [51] . However, increased bleeding events did not include significant increase in major or fatal bleeding, rather most of the bleeding cases were manageable [30, 34] . This data suggests that ACs, particularly for prosthetic grafts, and the addition of warfarin to MAPT might be prescribed to patient without indicated contraindication and more studies are warranted.
Limitations
There exists considerable heterogeneity in therapeutic regimen, data reporting, non-consistency in reporting outcomes, especially bleeding. Many of the data was reported in retrospective studies with the known risk of potential bias. The numbers of studies, patients, endovascular or surgical intervention, and follow-up duration included in the treatmentspecific statistical analyses varied across the studies in same treatment groups. Studies that compare DAPT to ACs are not available. Also, many of commonly used APs and ACs are not covered in the literature of infrapopliteal artery diseases. Finally, the review included data from studies published over an extended duration of time (over 10 years); various aspects of these endovascular interventions as well as bypass surgery may have evolved to some extent during this time, thereby affecting outcomes.
Conclusions
Antithrombotic treatments, especially regimens that combine APs and ACs, improve patient outcomes following endovascular intervention and bypass surgery for infrapopliteal artery disease. Further prospective randomized trials with long duration of follow-up are needed to determine the ideal antithrombotic therapy, evaluate the sufficiency of MAPT following endovascular intervention, and to validate the efficacy and safety of the combined AP + AC for this group of patients, particularly high risk patients such as those with history of endovascular intervention or bypass failure.
